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ABSTRACT: 

PROBLEM TO BE SOLVED: To obtain a diode having a high breakdown 
voltage and 
a low loss power. 

SOLUTION: A diode 40 is structured by laminating in the order an n-type 
silicon carbide layer 14, an n-type silicon layer 16, and a p-type silicon 
layer 18 on an n+ silicon carbide substrate 12. Two trenches 24 are formed so 
as to pierce a p-type silicon layer 18 and an n-type silicon layer 16, and 
reach the n-type silicon carbide layer 14. A trench gate 28 is embedded in 
each trench 24. In the diode 40, the rising voltage of a forward current of 
the diode is about 0.6 V which is the value of the, energy gap of silicon, and 
the dielectric breakdown electric field of the diode becomes about 3×106 
V/cm which is the dielectric breakdown electric field of silicon carbide. 
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JP 2001-36069 A - Uesugi et al. 
DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the diode equipped with the 
1st semi-conductor layer of the 1st conductivity type, and the 2nd semi-conductor layer 
of the 2nd conductivity type joined to the 1st semi-conductor layer about diode. 
[0002] 

Background Art and Problem(s) to be Solved by the Invention] For example, as for the 
diode equipped with the 1st semi-conductor layer of the 1st conductivity type, and the 
2nd semi-conductor layer of the 2nd conductivity type joined to the 1st semi-conductor 
layer like the diode of a pn junction mold, the field of power electronics is also used. In 
this field, the improvement in a proof pressure of a component serves as a proposition. 
[0003] This invention is offering the diode which has structure which is made in order to 
solve this technical problem, and can raise pressure-proofing. 
[0004] 

[Means for Solving the Problem] The 2nd semi-conductor layer of the 2nd conductivity 
type which has joined this invention to the 1st semi-conductor layer of the 1st 
conductivity type, and the 1st semi-conductor layer, it is ******** diode and has the 1st 
trench gate and the 2nd trench gate. The 2nd semi-conductor layer When it is located 
between the 1 st trench gate and the 2nd trench gate and reverse voltage is impressed to 
diode, the depletion layer prolonged from the direction of the 1st trench gate and the 
depletion layer prolonged from the direction of the 2nd trench gate are formed in the 2nd 
semi-conductor layer. 

[0005] The diode concerning this invention by the above-mentioned configuration has the 
operation effectiveness of explaining below. In the diode concerning this invention, when 
the 2nd semi-conductor layer is located between the 1st trench gate and the 2nd trench 
gate and reverse voltage is impressed to diode, the depletion layer prolonged from the 
direction of the 1 st trench gate and the depletion layer prolonged from the direction of the 
2nd trench gate are formed in the 2nd semi-conductor layer. These depletion layers 
enable it to locate the peak of electric field also in fields other than the joint of the 1st 
semi-conductor layer and the 2nd semi-conductor layer. In this case, the dielectric- 
breakdown electric field of the field in which the peak of maximum is located among the 
peaks of two or more electric fields turn into dielectric-breakdown electric field of diode. 
When a peak is distributed by plurality, the maximum of the peak of electric field falls 
compared with the case where the number of peaks is one. Therefore, since diode ****** 
concerning this invention and still higher reverse voltage can be impressed, the diode 
concerning this invention turns into diode whose pressure-proofing improved compared 
with the former. In addition, the gestalt of operation of the 3rd of the gestalt of 
implementation of invention explains to a detail that it is possible to locate the peak of 
electric field also in fields other than the joint of the 1st semi-conductor layer and the 2nd 
semi-conductor layer. 

[0006] In addition, forming the depletion layer prolonged from the direction of the 
depletion layer prolonged from the direction of the 1st trench gate in the 2nd semi- 
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conductor layer and the 2nd trench gate impresses 0 or a forward electrical potential 
difference to the 1 st and 2nd trench gate, when the 2nd semi-conductor layer is p mold. 
When the 2nd semi-conductor layer is n mold, 0 or a negative electrical potential 
difference is impressed to the 1 st and 2nd trench gate. 

[0007] In the diode concerning this invention The high impurity concentration in the 2nd 
semi-conductor layer, the distance between the 1st trench gate and the 2nd trench gate, 
The thickness of the gate dielectric film of the 1st trench gate, and the combination of 
thickness ** of the gate dielectric film of the 2nd trench gate When reverse voltage is 
impressed to diode, in the 2nd semi-conductor layer, a part of edge [ at least ] of the 
depletion layer prolonged from the direction of the 1 st trench gate and a part of edge [ at 
least ] of the depletion layer prolonged from the direction of the 2nd trench gate are 
connected, they combine and come out, and a certain ** is desirable. According to this, it 
becomes more certain to locate the peak of electric field also in fields other than the joint 
of the 1st semi-conductor layer and the 2nd semi-conductor layer. 
[0008] The gate dielectric film of the 1st and 2nd trench gate is explained among the 
above-mentioned parameters. The thickness of the gate dielectric film of the 1st and 2nd 
trench gate has desirable 0.1-1.2 micrometers. It is because gate dielectric film will break 
easily at the time of diode use if smaller than 0.1 micrometers. It is because stretch of a 
depletion layer will not be enough and will stop being connected with the next depletion 
layer easily, if larger than 1.2 micrometers. As thickness of the gate dielectric film of the 
1st and 2nd trench gate, further 0.1-1.0 micrometers is desirable, and 0.1-0.5 micrometers 
is still more desirable. 

[0009] In addition, all the 2nd semi-conductor layers can also be depletion-ized 
depending on the combination of the four above-mentioned parameters. That is, the edge 
of the depletion layer prolonged from the direction of the 1st trench gate and the edge of 
the depletion layer prolonged from the direction of the 2nd trench gate are connected in 
the 2nd semi-conductor layer, and all the 2nd semi-conductor layers depletion-ize. Since 
all the fields of the 2nd semi-conductor layer work as an electrical-potential-difference 
maintenance field compared with the case where a part of 2nd semi-conductor layer has 
depletion-ized when all of the 2nd semi-conductor layers have depletion-ized, high 
pressure-proofing-ization is attained more. 

[0010] In the diode concerning this invention, it has the 3rd semi-conductor layer of the 
2nd conductivity type. The 3rd semi-conductor layer touches the 2nd semi-conductor 
layer, and the 3rd semi-conductor layer is located between the 1st trench gate and the 2nd 
trench gate. The energy gap of the 1st semi-conductor layer and the 2nd semi-conductor 
layer is small, and is [ the dielectric-breakdown electric field of the 3rd semi-conductor 
layer ] more desirable than the energy gap of the 3rd semi-conductor layer. [ of larger ** 
than the dielectric-breakdown electric field of the 1 st semi-conductor layer and the 2nd 
semi-conductor layer ] 

[001 1] According to this configuration, since the 3rd semi-conductor layer is located 
between the 1st trench gate and the 2nd trench gate, it becomes possible to locate the 
maximum of the peak of electric field in the 3rd semi-conductor layer of it. Therefore, 
since the dielectric-breakdown electric field of diode can be enlarged, pressure-proofing 
of diode can be raised. The gestalt of operation of the 1st of the gestalt of implementation 
of invention explains the reason which can enlarge the dielectric-breakdown electric field 
of diode to a detail. Moreover, according to this configuration, the energy gap of the 1st 
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semi-conductor layer and the 2nd semi-conductor layer serves as a standup electrical 
potential difference of the forward current of diode. For this reason, the standup electrical 
potential difference of the forward current of diode can be made small. Therefore, since 
the electrical potential difference at the time of use of diode can be made small, power 
used of diode can be made small. 

[0012] Thus, according to this configuration, it is large in dielectric-breakdown electric 
field, and since the standup electrical potential difference of forward current can be made 
small, it becomes possible to realize diode of high pressure-proofing and low loss power. 
[0013] For example, the case where made the 1st semi-conductor layer and the 2nd semi- 
conductor layer as silicon, and the 3rd semi-conductor layer is made into silicon carbide 
is considered. The standup electrical potential difference of the forward current of this 
diode is about 0.6V which is the value of the energy gap of silicon. The dielectric- 
breakdown electric field of this diode are set to cm in about 3x1 06 v /which is the 
dielectric-breakdown electric field of silicon carbide. Incidentally, the diode which 
consists only of silicon is about 0.6V whose standup electrical potential difference of the 
forward current is the value of the energy gap of silicon, and the dielectric-breakdown 
electric field are set to cm in about 3xl05v /which is the dielectric-breakdown electric 
field of silicon. Moreover, the diode which consists only of silicon carbide is about 3 V 
whose standup electrical potential difference of the forward current is the value of the 
energy gap of silicon carbide, and the dielectric-breakdown electric field are set to cm in 
about 3x1 06v /which is the dielectric-breakdown electric field of silicon carbide. 
Therefore, in pressure-proofing, the diode which consists of the silicon and the silicon 
carbide concerning this invention is superior to the diode which consists only of silicon, 
and superior to the diode which consists only of silicon carbide in low loss power. 
[0014] Moreover, for example, the case where used the 1st semi-conductor layer and the 
2nd semi-conductor layer as silicon-germanium, and the 3rd semi-conductor layer is used 
as silicon is considered. The standup electrical potential difference of the forward current 
of this diode is about 0.4V. The dielectric-breakdown electric field of this diode are set to 
cm in about 3xl05v /which is the dielectric-breakdown electric field of silicon. 
Incidentally, the standup electrical potential difference of the forward current of the diode 
which consists only of silicon-germanium is 0.4V, and the dielectric-breakdown electric 
field are set to cm in about 1.5xl05v /which is the dielectric-breakdown electric field of 
silicon-germanium. Therefore, in pressure-proofing, the diode which consists of the 
silicon-germanium and silicon concerning this invention is superior to the diode which 
consists only of silicon-germanium, and superior to the diode which consists only of 
silicon in low loss power. 

[0015] As for the 1st semi-conductor layer, in the diode concerning this invention, being 

inserted with the 1st trench and the 2nd trench is desirable. 

[0016] 

[Embodiment of the Invention] [The gestalt of the 1st operation] 
{Explanation of structure} drawing 1 is the sectional view of the diode concerning the 
gestalt of operation of the 1st of this invention. Diode 10 is having structure where the 
laminating of n mold silicon carbide layer 14, n mold silicon layer 16, and the p-type 
silicon layer 18 was carried out to order, on n+ mold silicon carbide substrate 12. Two 
trenches 24 run through the p-type silicon layer 18, n mold silicon layer 16, and n mold 
silicon carbide layer 14, and it is formed so that n+ mold silicon carbide substrate 12 may 
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be reached. The trench gate 28 is embedded at the trench 24. Gate oxide 26 is formed 
between the side face of a trench 24, and the trench gate 28, and between the base of a 
trench 24, and the trench gate 28. The electrode 30 is formed on the trench gate 28. The 
anode electrode 22 is formed on the p-type silicon layer 1 8 located between the trench 
gates 28. The cathode electrode 20 is formed on the front face in which n mold silicon 
carbide layer 14 is formed among the front faces of n+ mold silicon carbide substrate 12, 
and the front face which counters. 

[0017] {Explanation of operation}, next actuation of the diode 10 concerning the gestalt 
of operation of the 1st of this invention are explained using drawing 1 . First, ON 
actuation is explained. Forward voltage is impressed to diode 10. For example, the 
electrical potential difference of 0V is impressed to the electrical potential difference of 
2V, and the cathode electrode 20 at the anode electrode 22, respectively. At this time, a 
current flows towards the cathode electrode 20 from the anode electrode 22. In addition, 
the same electrical potential difference as the anode electrode 22, or in order to reduce 
resistance more, an about [ 10V ] electrical potential difference may be impressed to an 
electrode 30. 

[0018] Next, OFF actuation is explained. Reverse voltage is impressed to diode 10. For 
example, the electrical potential difference of 600-1 000 V is impressed to the electrical 
potential difference of 0V, and the cathode electrode 20 at the anode electrode 22, 
respectively. The electrical potential difference of an electrode 30 is the same as the 
electrical potential difference of the anode electrode 22, and good. In order to acquire a 
better off property, an about [ -10V ] electrical potential difference may be impressed to 
an electrode 30. By impressing such an electrical potential difference to an electrode 30, a 
part of edge [ at least ] of the depletion layer prolonged from the direction of one trench 
gate 28 and a part of edge [ at least ] of the depletion layer prolonged from the direction 
of the trench gate 28 of another side are connected in n mold silicon carbide layer 14. 
Thereby, reverse voltage is held and it prevents a current flowing to diode 10. 
[0019] {Explanation of the manufacture approach}, next the manufacture approach of the 
diode 10 concerning the gestalt of operation of the 1st of this invention are explained 
using drawing 1 - drawing 6 . As shown in drawing 2 , n+ mold silicon carbide substrate 
12 is prepared. The thickness of n+ mold silicon carbide substrate 12 is 0.5-lmm, and 
high impurity concentration is about [ lxl 01 9cm - ] three. An impurity is nitrogen. 
[0020] As shown in drawing 3 , n mold silicon carbide layer 14 is formed with epitaxial 
growth on n+ mold silicon carbide substrate 12. The thickness of n mold silicon carbide 
layer 14 is 1-10 micrometers, and high impurity concentration is lxl016-lxl017cm-3. 
An impurity is nitrogen, n mold silicon layer 32 is formed with epitaxial growth on n 
mold silicon carbide layer 14. The thickness of n mold silicon layer 32 is 5-10 
micrometers, and high impurity concentration is lxl015-lxl017cm-3. An impurity is 
Lynn, p mold impurity is diffused in n mold silicon layer 32, and as shown in drawing 4 , 
the p-type silicon layer 18 is formed in the upper part of n mold silicon layer 32. The 
thickness of the p-type silicon layer 18 is 2-3 micrometers, and high impurity 
concentration is lxl016-lxl017cm-3. An impurity is boron. In addition, let the lower 
part of n mold silicon layer 32 be n mold silicon layer 16. 

[0021] As shown in drawing 5 , two or more trenches 24 are formed in this laminated 
material with a photolithography technique and an etching technique. A trench 24 runs 
through the p-type silicon layer 18, n mold silicon layer 16, and n mold silicon carbide 
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layer 14, and it is formed so that n+ mold silicon carbide substrate 12 may be reached. 
The width of face w of a trench 24 is 0.5-2 micrometers. The distance dl between 
trenches 24 is 0.5-5 micrometers. 

[0022] As shown in drawing 6 , gate oxide 26 is formed in the side face and base of a 
trench 24 by thermal oxidation. The thickness of gate oxide 26 is 0.05-0.2 micrometers. 
The polish recon film is formed on the p-type silicon layer 18 by CVD so that a trench 24 
may be buried with the polish recon film. Etchback of the polish recon film is carried out, 
and it leaves the polish recon film only in a trench 24. This polish recon serves as the 
trench gate 28. 

[0023] As shown in drawing 1 , the cathode electrode 20 which consists of a metal is 
formed with vacuum deposition on n+ mold silicon carbide substrate 12. Moreover, a 
metal layer is formed with vacuum deposition on the p-type silicon layer 18. Pattern 
NINGU of this metal layer is carried out, and the anode electrode 22 and an electrode 30 
are formed. By the above, the diode 10 concerning the gestalt of operation of the 1st of 
this invention is completed. 

[0024] In the diode 10 concerning the gestalt of operation of the 1st of {explanation 
whose pressure-proofing of diode improves} this invention, the trench gate 28 explains 
using simulation that pressure-proofing of diode 10 improves. Drawing 15 is simulation 
which shows the current which flows to diode, when reverse voltage is impressed to 
diode, (a) is the simulation of the diode 10 shown in drawing 1 , and (b) is the simulation 
of the diode of the structure which removed the trench gate 28 from the diode 10 shown 
in drawing 1 . 

[0025] The diode without the trench gate shown in (b) is about 60V, and the 
phenomenon, i.e., a dielectric-breakdown phenomenon, in which a current flows rapidly 
appears. On the other hand, as for the diode equipped with the trench gate shown in (a), 
140V have not caused the dielectric-breakdown phenomenon. Compared with diode [ the 
diode 10 concerning the gestalt of operation of the 1st of this invention ] without the 
trench gate, pressure-proofing becomes high so that this simulation may also show. 
[0026] Next, the reason whose pressure-proofing of the diode 10 concerning the gestalt of 
operation of the 1st of this invention improves is explained. Drawing 1 6 is the simulation 
of the electric field produced to the diode equipped with the trench gate. The trench gate 
shall be grounded by 0V, MOV shall be impressed to a cathode, and, as for an anode, 0V 
shall be impressed. An axis of ordinate shows field strength. The axis of abscissa shows 
the distance of the depth direction of the diode from the joint of a p-type silicon layer and 
n mold silicon layer. That is, the value of 2 micrometers of an axis of abscissa 
corresponds with the location of the joint of a p-type silicon layer and n mold silicon 
layer. The value of 10 micrometers of an axis of abscissa corresponds with the location of 
the boundary of n mold silicon layer and n mold silicon carbide layer. The value of 20 
micrometers of an axis of abscissa corresponds with the location of the boundary of n 
mold silicon carbide layer and n+ mold silicon carbide substrate. In addition, width of 
face of the trench gate is set to 0.4 micrometers, gate oxidization thickness sets to 0.1 
micrometers, and distance of the trench gate, this trench gate, and the trench gate (not 
shown) that counters is set to 0.2 micrometers. 

[0027] The value of 20 micrometers of an axis of abscissa, i.e., the boundary of n mold 
silicon carbide layer and n+ mold silicon carbide layer, serves as a peak of the electric 
field which act on diode so that simulation may show. For this reason, the dielectric- 
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breakdown electric field of a silicon carbide layer turn into dielectric-breakdown electric 
field of diode. 

[0028] Next, the simulation of the electric field produced to the diode which is not 
equipped with the trench gate is explained using drawing 17 . 60V shall be impressed to a 
cathode and, as for an anode, 0V shall be impressed. The semantics of an axis of ordinate 
and an axis of abscissa is the same as the semantics of the axis of ordinate shown in 
drawing 1 6 , and an axis of abscissa. There are two peaks of the electric field which act 
on diode so that simulation may show. A value of 2 micrometers of an axis of abscissa of 
one, i.e., the joint of a p-type silicon layer and n mold silicon layer, is the peak of electric 
field, and, as for another, the value of 10 micrometers of an axis of abscissa, i.e., the 
boundary of n mold silicon layer and n mold silicon carbide layer, serves as a peak of 
electric field. The electric field which act on the joint of a p-type silicon layer and n mold 
silicon layer are larger than the electric field which act on the boundary of n mold silicon 
layer and n mold silicon carbide layer. For this reason, the joint of a p-type silicon layer 
and n mold silicon layer, i.e., the dielectric-breakdown electric field of a silicon layer, 
serves as dielectric-breakdown electric field of this diode. 

[0029] As mentioned above, as explained using drawing 16 and drawing 17 , since 
dielectric-breakdown electric field are larger than the diode with which the diode 1 0 
concerning the gestalt of operation of the 1st of this invention is not equipped with the 
trench gate, it turns out that pressure-proofing becomes high. 

[0030] In addition, it is the field where the field 36 which is originally between the lower 
limit sections 34 of the trench gate 28 shown in drawing 1 serves as maximum of electric 
field which is acting on diode 10. However, if the lower limit section 34 has reached even 
to n+ mold silicon carbide substrate 12, the field where a field 36 serves as maximum of 
electric field will not become. This is because n+ mold silicon carbide substrate 12 shows 
the resistance as a metal with it. [ high high impurity concentration and ] [ same ] 
Therefore, in the diode concerning the gestalt of operation of the 1st of this invention, the 
boundary of n mold silicon carbide layer 14 and n+ mold silicon carbide substrate 12 
serves as a peak of electric field. 

[0031] In the diode 10 concerning the gestalt of operation of the 1st of this invention 
shown in {explanation of effectiveness} drawing 1 , the standup electrical potential 
difference of the forward current of diode is about 0.6V which is the value of the energy 
gap of silicon, and the dielectric-breakdown electric field of diode are set to cm in about 
3x1 06v /which is the dielectric-breakdown electric field of silicon carbide. Therefore, 
according to the diode 10 concerning the gestalt of operation of the 1st of this invention, 
it becomes possible to realize diode of high pressure-proofing and low loss power. 
[0032] [Gestalt of the 2nd operation] drawing 7 is the sectional view of the diode 
concerning the gestalt of operation of the 2nd of this invention. About the same thing as 
the component of the diode 10 shown in drawing 1 among the components of the diode 
40 shown in drawing 7 , explanation is omitted by attaching the same sign. The structure 
where diode 40 is different from the diode 10 shown in drawing 1 is the location of the 
lower limit section 34 of the trench gate 28. That is, the lower limit section 34 of the 
trench gate 28 of diode 40 does not reach n+ mold silicon carbide substrate 12, but is 
located in n mold silicon carbide layer 14. 

[0033] Actuation of diode 40 is the same as actuation of the diode 10 concerning the 
gestalt of operation of the 1st of this invention. However, at the time of OFF actuation, it 
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sets n mold silicon carbide layer 14 (field shown with the sign 42 in drawing 7 ), and the 
electric field between the lower limit section 34 of one trench gate 28 and the lower limit 
section 34 of the trench gate 28 of another side which are acting on diode 10 serve as a 
peak. 

[0034] The point that the manufacture approach of diode 40 is different from the 
manufacture approach of the diode 10 shown in drawing 1 is the formation process of a 
trench 24. That is, it is made for the pars basilaris ossis occipitalis of a trench 24 to be 
located in n mold silicon carbide layer 14 in the manufacture approach of diode 40 at the 
process shown in drawing 5 . 

[0035] The diode 40 concerning the gestalt of operation of the 2nd of this invention 
shown in drawing 7 has the same effectiveness as the diode 10 shown in drawing 1 , and 
also has the following effectiveness. That is, since the field between the lower limit 
sections 34 can be made into the field used as the maximum of electric field which is 
acting on diode 40, the maximum electric-field field can be set up only in the depth of a 
trench. For this reason, the degree of freedom of a design of device structure increases. 
[0036] [The gestalt of the 3rd operation] 

{Explanation of structure} drawing 8 is the sectional view of the diode concerning the 
gestalt of operation of the 3rd of this invention. The difference with the diode 10 shown 
in drawing 1 is a point of the structure which carried out the laminating of the silicon 
layer excluding the silicon carbide layer. That is, diode 50 is having structure where the 
laminating of n mold silicon layer 54 and the p-type silicon layer 56 was carried out to 
order, on n+ mold silicon substrate 52. Two trenches 62 run through the p-type silicon 
layer 56 and n mold silicon layer 54, and it is formed so that n+ mold silicon substrate 52 
may be reached. The trench gate 66 is embedded at each trench 62. Between the base of 
each trench 62, and the trench gate 66, gate oxide 64 is formed between the side face of 
each trench 62, and the trench gate 66. The electrode 68 is formed on the trench gate 66. 
The anode electrode 60 is formed on the p-type silicon layer 56 located between the 
trench gates 66. The cathode electrode 58 is formed on the front face in which n mold 
silicon layer 54 is formed among the front faces of n+ mold silicon substrate 52, and the 
front face which counters. 

[0037] {Actuation and explanation of effectiveness}, next actuation of the diode 50 
concerning the gestalt of operation of the 3rd of this invention are explained using 
drawing 8 . First, ON actuation is explained. Forward voltage is impressed to diode 50. 
For example, the electrical potential difference of 0V is impressed to the electrical 
potential difference of 2V, and the cathode electrode 58 at the anode electrode 60, 
respectively. At this time, a current flows towards the cathode electrode 58 from the 
anode electrode 60. In addition, the same electrical potential difference as the anode 
electrode 60, or in order to reduce resistance more, an about [ 10V ] electrical potential 
difference may be impressed to an electrode 68. 

[0038] Next, OFF actuation is explained. Reverse voltage is impressed to diode 50. For 
example, the electrical potential difference of 600-1 000 V is impressed to the electrical 
potential difference of 0V, and the cathode electrode 58 at the anode electrode 60, 
respectively. The electrical potential difference of an electrode 68 is the same as the 
electrical potential difference of the anode electrode 60, and good. In order to acquire a 
better off property, an about [ -10V ] electrical potential difference may be impressed to 
an electrode 68. By impressing such an electrical potential difference to an electrode 68, a 
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part of edge [ at least ] of the depletion layer prolonged from the direction of one trench 
gate 66 and a part of edge [ at least ] of the depletion layer prolonged from the direction 
of the trench gate 66 of another side are connected in n mold silicon layer 54. Thereby, 
reverse voltage is held and it prevents a current flowing to diode 50. At this time, it 
becomes possible to locate the peak of electric field also in the joint 70 of the p-type 
silicon layer 56 and n mold silicon layer 54, and the boundary 72 of n+ mold silicon 
substrate 52 and n mold silicon layer 54 of the peak of the electric field which act diode 
50. 

[0039] Simulation explains this. Drawing 18 is the simulation of the electric field 
produced to diode 50. An axis of ordinate shows field strength. The axis of abscissa 
shows the distance of the depth direction of the diode 50 from p-type silicon layer 56 
front face. That is, 0 micrometer of p-type silicon layer 56 front faces is shown. The 
distance to a joint 70 is about 3.5 micrometers, and the distance to a boundary 72 is about 

17 micrometers, (a) of simulation shows the case where the high impurity concentration 
of n mold silicon layer 54 is one El 5, (b) shows the case where the high impurity 
concentration of n mold silicon layer 54 is two El 5, and (c) shows the case where the 
high impurity concentration of n mold silicon layer 54 is four El 5. As shown in drawing 

18 , the peak of electric field is produced on the joint and the boundary. 

[0040] In this case, the dielectric-breakdown electric field in which the peak of maximum 
is located among two peaks turn into dielectric-breakdown electric field of diode 50. 
When a peak is distributed by plurality, the maximum of electric field falls. Therefore, if 
it depends diode 50, since still higher reverse voltage can be impressed, diode 50 will 
turn into diode excellent in pressure resistance. 

[0041] {Explanation of the manufacture approach}, next the manufacture approach of the 
diode 50 concerning the gestalt of operation of the 3rd of this invention are explained 
using drawing 8 - drawing 13 . As shown in drawing 9 , n+ mold silicon substrate 52 is 
prepared. The thickness of n+ mold silicon substrate 52 is 0.5-lmm, and high impurity 
concentration is 1x101 8-lxl 01 9cm-3. An impurity is antimony or an arsenic. 
[0042] As shown in drawing 1 0 , n mold silicon layer 74 is formed with epitaxial growth 
on n+ mold silicon substrate 52. The thickness of n mold silicon layer 74 is 10-100 
micrometers, and high impurity concentration is lxl014-lxl016cm-3. An impurity is 
Lynn, p mold impurity is diffused in n mold silicon layer 74, and as shown in drawing 1 1 
, the p-type silicon layer 56 is formed in the upper part of n mold silicon layer 74. The 
thickness of the p-type silicon layer 56 is 1-3 micrometers, and high impurity 
concentration is 1x1016-1x101 7cm-3. An impurity is boron. In addition, let the lower 
part of n mold silicon layer 74 be n mold silicon layer 54. 

[0043] As shown in drawing 12 , two or more trenches 62 are formed in this laminated 
material with a photolithography technique and an etching technique. A trench 62 runs 
through the p-type silicon layer 56 and n mold silicon layer 54, and it is formed so that n+ 
mold silicon substrate 52 may be reached. The width of face w of a trench 62 is 0.5-2 
micrometers. The distance dl between trenches 62 is 0.5-5 micrometers. 
[0044] As shown in drawing 13 , gate oxide 64 is formed in the side face and base of a 
trench 62 by thermal oxidation. The thickness of gate oxide 64 is 0.05-0.2 micrometers. 
The polish recon film is formed on the p-type silicon layer 56 by CVD so that a trench 62 
may be buried with the polish recon film. Etchback of the polish recon film is carried out, 
and it leaves the polish recon film only in a trench 62. This polish recon serves as the 
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trench gate 66. 

[0045] As shown in drawing 8 , the cathode electrode 58 which consists of a metal is 
formed with vacuum deposition on n+ mold silicon substrate 52. Moreover, a metal layer 
is formed with vacuum deposition on the p-type silicon layer 56. Pattern NINGU of this 
metal layer is carried out, and the anode electrode 60 and an electrode 68 are formed. By 
the above, the diode 50 concerning the gestalt of operation of the 3rd of this invention is 
completed. 

[0046] [Gestalt of the 4th operation] drawing 14 is the sectional view of the diode 
concerning the gestalt of operation of the 4th of this invention. About the same thing as 
the component of the diode 50 shown in drawing 8 among the components of the diode 
80 shown in drawing 14 , explanation is omitted by attaching the same sign. The structure 
where diode 80 is different from the diode 50 shown in drawing 8 is the location of the 
lower limit section 76 of the trench gate 66. That is, the lower limit section 76 of the 
trench gate 66 of diode 80 does not reach n+ mold silicon substrate 52, but is located in n 
mold silicon layer 54. 

[0047] Actuation of diode 80 is the same as actuation of the diode 50 concerning the 
gestalt of operation of the 3rd of this invention. However, at the time of OFF actuation, it 
sets n mold silicon layer 54 (field shown with the sign 82 in drawing 14 ), and the electric 
field between the lower limit section 76 of one trench gate 66 and the lower limit section 
76 of the trench gate 66 of another side which act on diode 80 serve as a peak. 
[0048] The point that the manufacture approach of diode 80 is different from the 
manufacture approach of the diode 50 shown in drawing 8 is the formation process of a 
trench 62. That is, it is made for the pars basilaris ossis occipitalis of a trench 62 to be 
located in n mold silicon layer 54 in the manufacture approach of diode 80 at the process 
shown in drawing 12 . 

[0049] The diode 80 concerning the gestalt of operation of the 4th of this invention 
shown in drawing 14 has the same effectiveness as the diode 50 shown in drawing 8 . 



[Translation done.] 
CLAIMS 



[Claim(s)] 

[Claim 1] The 1st semi-conductor layer of the 1st conductivity type, and the 2nd semi- 
conductor layer of the 2nd conductivity type joined to the 1st semi-conductor layer, It is 
******** diode and has the 1st trench gate and the 2nd trench gate. Said 2nd semi- 
conductor layer It is located between said 1st trench gates and said 2nd trench gates. 
Diode with which the depletion layer prolonged from the direction of said 1st trench gate 
and the depletion layer prolonged from the direction of said 2nd trench gate are formed in 
said 2nd semi-conductor layer when reverse voltage is impressed to said diode. 
[Claim 2] In claim 1 The high impurity concentration in said 2nd semi-conductor layer, 
the distance between said 1st trench gates and said 2nd trench gates, The thickness of the 
gate dielectric film of said 1st trench gate, and the combination of thickness ** of the 
gate dielectric film of said 2nd trench gate In said 2nd semi-conductor layer, a part of 
edge [ at least ] of the depletion layer prolonged from the direction of said 1st trench gate 
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when reverse voltage was impressed to said diode, and a part of edge [ at least ] of the 
depletion layer prolonged from the direction of said 2nd trench gate are connected, they 
combine and come out, and it is a certain diode. 

[Claim 3] In claim 1 or 2, have the 3rd semi-conductor layer of the 2nd conductivity type, 
and said 3rd semi-conductor layer touches said 2nd semi-conductor layer. Said 3rd semi- 
conductor layer is located between said 1st trench gates and said 2nd trench gates. It is 
smaller than the energy gap of said 3rd semi-conductor layer, and, for the dielectric- 
breakdown electric field of said 3rd semi-conductor layer, the energy gap of said 1st 
semi-conductor layer and said 2nd semi-conductor layer is larger diode than the 
dielectric-breakdown electric field of said 1 st semi-conductor layer and said 2nd semi- 
conductor layer. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the diode concerning the gestalt of operation of the 
1 st of this invention. 

[Drawing 2] It is the 1st process drawing for explaining the production process of the 

diode concerning the gestalt of operation of the 1st of this invention. 

[Drawing 3] It is the 2nd process drawing for explaining the production process of the 

diode concerning the gestalt of operation of the 1st of this invention. 

[Drawing 4] It is the 3rd process drawing for explaining the production process of the 

diode concerning the gestalt of operation of the 1st of this invention. 

[Drawing 5] It is the 4th process drawing for explaining the production process of the 

diode concerning the gestalt of operation of the 1st of this invention. 

[Drawing 6] It is the 5th process drawing for explaining the production process of the 

diode concerning the gestalt of operation of the 1st of this invention. 

[Drawing 7] It is the sectional view of the diode concerning the gestalt of operation of the 

2nd of this invention. 

[Drawing 8] It is the sectional view of the diode concerning the gestalt of operation of the 
3rd of this invention. 

[Drawing 9] It is the 1st process drawing for explaining the production process of the 

diode concerning the gestalt of operation of the 3rd of this invention. 

[Drawing 10] It is the 2nd process drawing for explaining the production process of the 

diode concerning the gestalt of operation of the 3rd of this invention. 

[Drawing 11] It is the 3rd process drawing for explaining the production process of the 

diode concerning the gestalt of operation of the 3rd of this invention. 

[Drawing 12] It is the 4th process drawing for explaining the production process of the 

diode concerning the gestalt of operation of the 3rd of this invention. 

[Drawing 13] It is the 5th process drawing for explaining the production process of the 

diode concerning the gestalt of operation of the 3rd of this invention. 

[Drawing 141 It is the sectional view of the diode concerning the gestalt of operation of 

the 4th of this invention. 

[Drawing 15] When reverse voltage is impressed to diode, it is drawing showing the 
simulation of the current which flows to diode. 

[Drawing 16] It is drawing showing the simulation of the electric field produced to the 
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diode equipped with the trench gate. 

[Drawing 171 It is drawing showing the simulation of the electric field produced to the 
diode which is not equipped with the trench gate. 

[Drawing 18] It is drawing showing the simulation of the electric field produced to the 
diode concerning the gestalt of operation of the 3rd of this invention. 
[Description of Notations] 
10 Diode 

12 N+ Mold Silicon Carbide Substrate 

14 N Mold Silicon Carbide Layer 

16 N Mold Silicon Layer 

1 8 P-type Silicon Layer 

20 Cathode Electrode 

22 Anode Electrode 

24 Trench 

26 Gate Oxide 

28 Trench Gate 

30 Electrode 

32 N Mold Silicon Layer 

34 Lower Limit Section 

36 Field 

38 Boundary 

40 Diode 

42 Field 

50 Diode 

52 N+ Mold Silicon Substrate 

54 N Mold Silicon Layer 

56 P-type Silicon Layer 

58 Cathode Electrode 

60 Anode Electrode 

62 Trench 

64 Gate Oxide 

66 Trench Gate 

68 Electrode 

70 Joint 

72 Boundary 

74 N Mold Silicon Layer 

76 Boundary Section 

80 Diode 

82 Field 
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